We predicted that the proportion of suckling attempts rejected and terminated by the mother would be greater for female foals than male foals, based on parent offspring conflict theory and on the assumption that throughout the study, all zebra mothers were in good condition because of captivity. We presumed that an increasing rate of suckling terminated or rejected by a mother would indicate a decreasing effort by the mother to invest in her offspring. We observed foals of captive plains zebras at the Dvůr Králové Zoo, Czech Republic. We found that the probability of successful suckling tended (slope = 0.0016; Z = 1.78; P = 0.074) to increase with increasing age of the female foals, but decreased (slope = −0.0018; Z = −2.51; P = 0.012) with increasing age of the male foals. The proportion of suckling bouts terminated by the mother decreased (slope = −0.0077; Z = −4.27; P < 0.0001) with increasing age of the female foals, but not the male foals (slope = −0.0005; Z = −0.34; P = 0.732). Our results indicate that conflict between mothers and female foals was less than that between mothers and male foals. The observed sex differences in termination and rejection of suckling bouts could be explained by the different behavior of the male and female foals, or by the selective maternal investment. Finally, we revealed no significant effect of herdmates on suckling behavior.
INTRODUCTION
Lactation is a form of maternal investment that is far more demanding than gestation, estrus behavior, or ovulation (Sadleir, 1984) . A recent meta-analysis in mammals and a study in feral horses (Equus caballus) revealed no significant relationship between suckling bout duration or suckling frequency and milk or energy intake (Cameron, 1998; Cameron et al., 1999b) ; therefore, the termination and rejection of suckling should be used as a more reliable behavioral measure of parent-offspring conflict (Trivers, 1974 ). An increased rate of suckling attempts rejected by a mother and suckling bouts terminated by a mother, rather than by a foal, should indicate increased conflict over resources (Green, 1990; Cameron et al., , 2003 .
Mothers of polygynous mammals in good condition (e.g., in captive conditions with ad libitum access to water and food) would be more likely to invest more in sons than daughters, because sons have more variable reproductive success and a high-quality son would leave more offspring than a high-quality daughter (Trivers and Willard, 1973; White et al., 2007) . Thus, we first predicted that the proportion of suckling attempts rejected by the mother and suckling bouts terminated by the mother would be greater for female foals than for male foals.
In other equids, conspecifics may alter the level of optimal investment in offspring through aggressive interactions (Lloyd and Rasa, 1989; Rutberg and Greenberg, 1990) . Because plains zebra mares form social hierarchies (Klingel, 1967; Schilder and Boer, 1987) , we also predicted that suckling bouts that are terminated by a herdmate other than a given mother or foal (here-after referred to as "herdmate") would be negatively correlated with the social rank of the mother.
Although suckling behavior has been studied intensively in horses, only 2 reports have dealt with the suckling behavior of the plains zebra (Prescott, 1981; Becker and Ginsberg, 1990) , and neither included information about the termination or rejection of suckling bouts. Thus, there is a need for basic biological information about the most common nondomesticated equid species.
MATERIALS AND METHODS
This study received approval for animal care and use from the institutional committee of the Institute of Animal Science, Praha, Czech Republic.
Animals
We observed 20 foals (7 female and 13 male) of 14 individual mares (from 4 to 19 yr of age), split into 3 different herds, at the Dvůr Králové Zoo, Czech Republic. There were 1, 3, and 3 female foals in each respective herd. In the first season, the herds contained 6, 5, and 4 breeding mares, and in the second season, they contained 2, 5, and 4 breeding mares, respectively. Herd sizes did not change within a field season. The sizes of the enclosures for the 3 herds were 1,350, 800, and 1,750 m 2 . Almost no vegetation was present in any of the enclosures, so the zebras were provided with fresh food daily, to which they had access ad libitum.
Each group was observed at least once per week (on Saturday or Sunday) from January 1999 to January 2000, and from September 2001 to March 2002. We performed the observations in 4 different sessions each week. Each session lasted for 180 min, either from 0800 to 1100 h or from 1400 to 1700 h. For details of herd observations see Pluháček et al. (2007) . In total, the 3 herds were observed for 315, 318, and 198 h, respectively. In each observation session, we collected all data concerning any suckling event. We used the same definitions of suckling bout, suckling attempt, and interruption as other authors studying the suckling behavior of equids (Becker and Ginsberg, 1990; Cameron et al., 1999b) . The suckling bout was regarded as successful when it lasted longer than 5 s and was not interrupted for longer than 60 s. If the interruption of a suckling bout was longer than 60 s, it was considered 2 suckling bouts. Suckling attempts were defined as suckling lasting less than 5 s or cases in which foals approached their mothers and the mothers walked away or used their legs to prevent the foals from making contact with the teats. We recorded the following data for each suckling bout or suckling attempt that was observed: the identity of the foal and the mother; the animal that initiated (foal or mother), terminated, or interrupted [foal, mother, or other herdmate, or disturbance by people (hereafter referred to as "disturbance")] a suckling bout; the place (stable, yard, enclosure); the duration of the bout (in seconds); and the length of interruption within a suckling bout (from 5 to 60 s).
The dominance hierarchy among the adult females was determined by scoring bites and offensive kicking (Pluháček et al., 2006) . Using dyadic interactions between mares, for each mare during each period, we estimated rank by a simple criterion of the number of mares that dominated her (hereafter referred to as "number of dominant mares"; Pluháček et al., 2006) . Each mare interacted with each other mare within a given herd and season. In total, we recorded 1,713 offensive attacks (1,540 bites and 173 kicks), which were subsequently used for determination of dominance hierarchy (Pluháček et al., 2006) .
All observational data were collected by the same observer using a tape recorder. All other data concerning the animals (i.e., date of birth of the foals and parents, number of previous foals of the mother) were obtained from curators of the Dvůr Králové Zoo. Suckling attempts involving mares other than the mother (n = 20; representing less than 1% of all attempts recorded) were excluded from analyses.
Statistical Analysis
Rejection of Suckling Attempts, Termination of Suckling Bouts, and Interruptions. To assess the impact of the factors tested on suckling bouts and suckling attempts terminated by the mother, we applied an analysis of categorical repeated measurements based on the generalized estimating equation approach (Liang and Zeger, 1986) , using the GENMOD procedure (SAS Inst. Inc., Cary, NC). The GENMOD procedure was designed to model the probability that 1) the suckling bout would be successful (i.e., not rejected by the mother within 5 s); 2) the mother would terminate the suckling bout; 3) at least one interruption would occur; and 4) a suckling bout would be terminated by a herdmate. Because some of the suckling bouts were stopped by the mother or a herdmate and then resumed by the foal within 60 s (i.e., interrupted), we took this information into account and modeled the probability that the suckling bout would be terminated and not just interrupted (model 5) to better explain the impact of the mother and herdmates on suckling behavior. Information about which interrupted the suckling bout, either the mother or a herdmate, was added to the list of explanatory variables in the latter model.
Suckling bouts terminated by a herdmate other than a given mother or the foal were excluded from analysis (model 2). Suckling bouts terminated because of disturbance were excluded from all the analyses but model 3. To account for repeated measures of the same individuals across the period of observation, analysis was performed with the individual foal as a subject in the RE-PEATED statement. After visual inspection of the data (plotting the sucking bouts for each mother in both seasons), the mothers, which were observed in both ob-serving seasons (n = 6), were treated as independent subjects. To avoid the problem of overdispersion (i.e., the discrepancy between observed and modeled variances commonly observed in count data), the dispersion parameter was treated using the SCALE=PEARSON option (Littel et al., 2002) . The explanatory variables were the age of the foal (in days) and sex, the number of dominant mares (at the date of suckling bout or attempt), the herd nested within the season (1999 to 2000 or 2001 to 2002) , the place, the age and parity of the mother, the number of offspring successfully reared by a mother, and their first-order interaction terms. In model 5, we added termination of suckling bout (by the mother or foal or other herdmate) to the explanatory variables. For each particular analysis, a full model containing all explanatory variables and first-order interaction terms was initially fitted. In model 4, the natural logarithm of observed suckling bouts was treated as an offset variable (model for incidence densities) to adjust for a different number of observed suckling bouts for each foal.
Frequency of Suckling. The association between the frequency of suckling bouts (as the dependent variable) and the independent variables of foal age and sex, number of dominant mares, identity of the herd, parity of the mother (primiparous or multiparous), number of offspring successfully reared by a mother, and interaction between age of the foal and its sex were analyzed using a multivariate general linear mixed model (GLMM, PROC MIXED, SAS Inst. Inc.), treating the identity of the foal as a random factor (model 6). The significance of each fixed effect in the mixed GLMM was assessed using an F-test. We began with the full model including all the fixed effects and sequentially dropped effects that were not significant. As a result of the small sample size, and to avoid overfitting the data, the final models include only 2 or 3 significant variables. The differences between the classes were tested by t-test, using the Tukey-Kramer adjustment for multiple comparisons. The frequency was scored as the total number of suckling bouts or suckling attempts recorded during each session (lasting exactly 180 min) for each individual foal. The frequency of suckling attempts was not normally distributed; thus, we analyzed this by using GENMOD as described above (including factors analyzed; model 7). In total, the number of sessions involving suckling bouts was less (763) than the number of suckling attempts (774). The slightly greater number of sessions involving attempts compared with bouts was due to attempts by weaned foals. All data were analyzed using SAS (SAS Inst. Inc.)
RESULTS
In total, during the 831 h of observation (277 sessions in 159 d), we recorded 5,857 suckling solicitations of the foals, 3,252 (55.5%) of which resulted in suckling bouts and 2,605 of which resulted in unsuccessful suckling attempts.
Frequency of Suckling
The frequency of suckling bouts (model 6) decreased with increasing age of the foal (F = 468.16; df = 1, 742; P < 0.0001; Figure 1 ). No other factor was significant.
The frequency of suckling attempts (model 7) decreased with increasing age of the foal (χ 2 = 6.63; df = 1; P = 0.010), and this decrease was steeper for female than male foals (age of foal × sex interaction: χ 2 = 4.07; df = 1; P = 0.044; Figure 2 ).
Rejection of Suckling Attempts
Almost 80% of the suckling attempts recorded (2,059 out of 2,605) were rejected by the mother. Herdmates were responsible for terminating only 17 (0.7%) suckling attempts. The logistic regression model (model 1) showed that the interaction between age and sex of the foal (χ 2 = 7.61; df = 1; P = 0.022; Figure 3 ) was related to the probability of successful suckling. In female foals, the probability of successful suckling tended to increase with increasing age of the foal (slope = 0.0016; Z = 1.78; P = 0.074), whereas the probability of successful suckling in male foals decreased with increasing age of the foal (slope = −0.0018; Z = −2.51; P = 0.012). The probability of successful suckling was further affected by parity of the mother (χ 2 = 4.64; df = 1; P = 0.031). It was less in primiparous (56%; n = 794 attempts) than in multiparous mothers (62%; n = 4,517 attempts); however, the number of primiparous mothers was too small (n = 3) to draw any important conclusion from this result. The factor of parity was left in the final GENMOD model because of better fitting of the model with this factor than without (according to criteria for assessing goodness of fit of the model). No other factor was significant.
Termination of Suckling Bouts
A suckling bout was terminated by the mother in 1,217 cases (37.4%), by the foal in 1,942 cases (59.7%), and by a herdmate in 74 cases (2.3%). Mothers terminated more suckling bouts of sons (40.8%; 939 out of 2,301 bouts) than daughters (29.2%; 278 out of 951 bouts). Only 19 suckling bouts (0.6%) were terminated because of disturbance. The probability of suckling bouts being terminated by the mother (model 2) was affected by the age of the foal (χ 2 = 5.02; df = 1; P = 0.025) and the interaction between sex and age of the foal (χ 2 = 5.49; df = 1; P = 0.019). Although, for female foals, the proportion of suckling bouts terminated by the mother decreased with increasing age of the foal (slope = −0.0077; Z = −4.27; P < 0.0001), in male foals, the proportion was unrelated to the age of the foal (slope = −0.0005; Z = −0.34; P = 0.732; Figure 4) . No other factor was significant (P > 0.05).
Female herdmates terminated 40 suckling bouts, whereas stallion and foal herdmates terminated 10 bouts each. Mare or stallion herdmates terminated a suckling bout by attacking the nursing mare, whereas foal herdmates disturbed the suckling foal. The probability that a herdmate other than the given mother or foal would terminate a suckling bout (model 4) increased with an increasing number of dominant mares (χ 2 = 7.64; df = 1; P = 0.0057). However, the total number of suckling bouts terminated by a herdmate did not exceed 3%.
Interruptions of Suckling Bouts
In 370 cases (11%), the suckling bout was interrupted at least once. Suckling bouts were interrupted 1, 2, and 3 times in 351, 18, and 1 cases, respectively. The mother, the foal, and a herdmate interrupted suckling bouts in 121 (32.6%), 166 (45.0%), and 66 (17.8%) cases, respectively. Seventeen interruptions (4.6%) were caused by a disturbance. Because a small number of suckling bouts involved more than 1 interruption, only the first interruption within a suckling bout was analyzed. The probability that suckling bouts would be interrupted (model 3) decreased with increasing age of the foal (χ 2 = 7.72; df = 1; P = 0.006).
The probability of resuming suckling after the suckling bout was interrupted (model 5) was affected by the initiator of the interruption (χ 2 = 11.13; df = 2; P = 0.0038) and by the interaction between the initiator of the interruption and the age of the foal (χ 2 = 10.31, df = 1; P = 0.0013). The probability that the foal would resume suckling after an interruption caused by a herdmate was almost 6 times greater (47%) than when the interruption was caused by the mother or foal (8%). If the interruption or termination of the suckling bout was caused by a herdmate, older foals resumed suckling more often than younger ones (slope = −0.0039; Z = −2.18; P = 0.029; Figure 5 ). If the interruption or termination of the suckling bout was caused by the mother or foal, then the younger foals resumed suckling more often than older ones (slope = 0.0040; Z = 4.93; P < 0.0001; Figure 5 ). No other factor was significant (P > 0.05).
DISCUSSION
Our results showed an unexpectedly elevated level of mother-offspring conflict in captive plains zebra. There was frequent maternal rejection and termination of suckling, especially when considering that the moth- ers were in good condition. The level of conflict was greater than that reported for domestic horses (Carson and Wood-Gush, 1983; Duncan et al., 1984; CrowellDavis, 1985; Cameron et al., 2003) . This indicates that lactation remains very demanding for females (Sadleir, 1984; Clutton-Brock, 1991) , even under captive conditions with balanced nutrition.
The parent-offspring conflict theory suggests that as the young animal ages and becomes increasingly capable of feeding on its own, the benefit to the foal decreases while the cost to the mother increases (Trivers, 1974) . In our study, the level of conflict was affected by the age and sex of the foal. The parent-offspring conflict was more prominent with an increasing age of male foals compared with female foals, coinciding with an increasing consumption of solid food and foals achieving independence from lactation. In contrast to our first prediction, the male foals attempted to suckle more often than the female foals. The conflict over transferred milk decreased with increasing age in female foals only. This suggests that whereas female foals were satiated with the amount of milk provided by the mother, male foals still required more than what the mother was providing and was willing to provide them, as suggested earlier (Byers and Bekoff, 1990; Redondo et al., 1992) . The other interpretation is that males may be more persistent and aggressive. The sex-dependent differences in suckling behavior, as a nonadaptive trait, have been mentioned by several authors for species such as the African elephant (Loxodonta africana; Lee and Moss, 1986) , red deer (Cervus elaphus; Clutton-Brock, 1991) , and white rhinoceros (Ceratotherium simum; White et al., 2007) .
An alternate explanation consistent with our results is that mothers were more tolerant of their daughters, which would suggest differential maternal investment according to the sex of the foal. In feral domestic horses, mothers in good condition terminated and rejected more suckling bouts or attempts for daughters than sons, whereas mothers in poor condition terminated and rejected more suckling bouts or attempts for sons than daughters . This indicates that mothers altered the investment in their offspring depending on available resources and sex-biased differences in reproductive potential. In a related species, the mountain zebra (Equus zebra), high-ranking mothers invested more in daughters (Lloyd and Rasa, 1989) . Because mountain zebras live in an environment where food is scarce, lack of food has a great impact on mare reproductive success (Lloyd and Rasa, 1989) . This factor would not affect captive plains zebra, however. Stress, disturbance, or boredom could be more important in captivity.
An effect of sex and age on termination of suckling bouts has also been observed in African elephants (Lee and Moss, 1986) and red deer (Clutton-Brock, 1991) . These species are strongly sexually dimorphic. As suggested by other authors, sexually monomorphic equids seem to be a better species with which to test the effect of sex on parent-offspring conflict compared with sexually dimorphic cervids or bovids (Cameron et al., 1999a; Linklater, 2000, 2002) . In cervids and bovids, the male offspring are already bigger and grow faster than the female offspring, irrespective of the mother-offspring conflict. Larger individuals need (and demand) more food, and this needs to be taken into account before hypotheses of differential care can be tested Linklater, 2000, 2002; Cameron, 2004) .
Harassment and interventions have been reported as an important feature in equid societies (Joubert, 1972; Tyler, 1972; Feist and McCullough, 1976; Schilder, 1990; Linklater et al., 1999) . In wild-living mountain zebras and certain populations of feral domestic horses (Lloyd and Rasa, 1989; Rutberg and Greenberg, 1990) , "dominant mares aggressively interrupt suckling bouts between subordinate mares and their foals by biting and chasing the mother, thus delaying the foal's milk intake" (Lloyd and Rasa, 1989) . Various effects of herdmates on suckling behavior have also been reported, for instance in pinnipeds (Boness et al., 1995; Galimberti et al., 2000) . As predicted, the probability that herdmates would interrupt or terminate suckling bouts increased with an increasing number of dominant mares. On the other hand, the frequency of suckling interruption in the present study was relatively small and is likely to have had little effect. This is in agreement with our previous results showing that the greater reproductive success of high-ranking captive plains zebra mares was primarily caused by the shortening of interbirth intervals (Pluháček et al., 2006 ). This view is further supported by studies on domestic horses (Feist and McCullough, 1976 ; M. Komárková, Institute of Animal Science, Praha, Czech Republic, personal communication).
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